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not regard mainland populations of the group as warranting specific recognition, but he considered N. antillularum a distinct species. Later, however, Allen (1911) included inN. brasiliensis the subspecies N. b. antillularum, as well as N. b. musculus and N. b. bahamensis. Lyon (1914) discussed the use of the name Tadarida in place of Nyctinomus, and subsequent authors have followed his opinion. Miller (1924) regarded the six named taxa of the group as separate species of Tadarida. Shamel (1931) recognized in the brasiliensis group the six species listed by Miller, included T. murina (omitted by Miller) , and named two additional species, T. intermedia and T. constanzae. This arrangement was followed until Schwartz (1955) synonomized the nine species of Shamel on the basis that no structural differences distinguished one from any of the others, but he recognized each of the nine as subspecies of T. brasiliensis. Freeman (1981) , in her morphometric comparison of 78 molossid species, followed Schwartz (1955) in taxonomic assign¬ ments within T. brasiliensis, considering brasiliensis to include the mainland races mexicana and cynocephala, as well as the Antillean populations.
A substantial body of evidence (Carter, 1962) led us to suspect that the taxonomic status of T. b. cynocephala deserved further evaluation. This study was undertaken, therefore, to examine the relationship of T. b. cynocephala to the species T. brasiliensis, with particular reference to two geographically adjacent subspe¬ cies, T. b. mexicana and T. b. muscula.
Comment on Rhizomops Legendre
In his thorough odontological analysis of Tadarida and related genera, Legendre (1984) proposed the generic name Rhizomops, comprised only of R. brasiliensis and presumably including all currently recognized subspecies. Although his methods were in a general way phylogenetically oriented, his recognition of Rhizomops was based entirely on plesiomorphic characteristics (see his figure 15 for summary of pertinent character states). Therefore, we view his recognition of generic status for the brasiliensis group to be unsupported. It is possible, of course, that synapomophies will be found eventually to resolve the basal fork in Legendre's figure 15, and we would point out that Rhizomops remains as an available name for the bats of the brasiliensis group should their generic status be supported appropriately. At the present time, however, we retain the use of Tadanda as the generic name for the brasiliensis group.
Methods

Protein Electrophoretic Analysis
Tissue homogenate of heart and kidney was prepared from individual bats following the methods of Svoboda et al. (1985) . Specimens examined for electrophoretic variation were from the following groups: T. b. mexicana-Waco, Texas (14) , western Texas (3), western Oklahoma (2); T. b. cynocephala-Florida (14), North Carolina (14), Louisiana (12); T b. muscula-Cuba (20); T b. murina Jamaica (14); T. b. antillularum-Dominica (18)! Preliminary analysis of protein electrophoretic patterns indicated a fixed allelic difference between eastern and western mainland populations based on the esterase-2 locus. Therefore, all available specimens of T. b. cynocephala and from Antillean populations were compared to representative specimens of T. b. mexicana based upon this locus. Alleles were coded numerically with the 'TOO" allele denoting the common allele for western (T. b. mexicana) populations, and all other alleles designated as to their mobility relative to the "100" allele.
Morphometric Analyses
A total of 1000 specimens of T. b. cynocephala (375), T. b. mexicana (584) , and T. b. brasiliensis (41) was examined, and a maximum of 20 different skin and skull measurements for each specimen was taken (Carter, 1962) . Those measurements used in this paper are skull length (greatest length of skull from occiput to and including the incisors); zygomatic breadth (greatest transverse dimension from outside borders of zygomatic arches); forearm (greatest distance from back of elbow to anteriormost border of wrist with wing folded); and fifth metacarpal (greatest linear dimension of that bone).
Bats were aged according to four classes: 0, adult bats with no macroscopically obvious toothwear; I, with obvious toothwear but less that one-third of the upper canines worn away; II, one-third or more but less than two-thirds of the canines worn away; III, two-thirds or more of the canines worn away. Care was taken to avoid misclassifying a bat with broken canines by checking the cheekteeth for obvious toothwear. The age classes 4 OCCASIONAL PAPERS MUSEUM TEXAS TECH UNIVERSITY are purely arbitrary and the time periods represented are not known. It is assumed, although without evidence other than that some bats seem relatively long-lived for small mammals (Cockrum, 1956; Hall et al., 1957; Keen and Hitchcock, 1980) , that each age class represents at least a three-to five-year period.
The effects of locality, sex, age class, and taxon on the observed variation of the variates were estimated with analysis of variance (ANOVA). The 0.01 level of probability (that the observations are due to randomness) was selected as the standard level of significance.
Results
Protein Electrophoretic Analysis
Three alleles (100, 85, and 80) of the esterase-2 locus were observed over all Tadarida specimens examined. Genotypes for each specimen and allele frequencies for each population are presented in Table 1 . All specimens of T. b. mexicana except one possessed the 100 allelle in some combination. All T. b. cynocephala possessed the 80 allelle, with two individuals from North Carolina and one from Louisiana being heterozygous with the 100 allele (100/80). All individuals from Cuba and Dominica were homozygous for the 80 allele. Another allele (85) was observed in the Jamaica and the Waco, Texas, populations. In Waco, a single specimen was homozygous for this allele (85/85) and three were heterozygotes (100/85). In contrast, half the Jamaican specimens were homozygous for the allele, with the remainder split about evenly between homozygous for 80 and heterozygotes of the two alleles.
Morphometric Analyses
Tadarida brasiliensis cynocephala can be distinguished from T. b. mexicana (and T b. brasiliensis) based on skull length or zygomatic breadth (Tables 2 and 3 ). Carter (1962) discussed other aspects of morphology that serve to separate these two similar taxa, but all appear to be related to a general size factor. For additional information concerning morphometric relationships of T. b. cynocephala and T. b. mexicana populations, see Tables 4-12. Carter (1962) detailed a number of reasons for considering cynocephala to be a species separate from brasiliensis and from mexicana, which he also regarded as specifically distinct from brasiliensis. The morphometric data, some of which are compared in Tables 2 and 3, indicate that significant size differences exist between T. b. cynocephala and T. b. mexicana, with cynocephala being larger in the two crainal variates considered. In addition to morphometric data, Carter's (1962) evidence included physiological, distributional, ecological, and behavioral attributes of the two taxa. These will not be reiterated here, other than to point out that they comprised a rather compelling body of evidence for specific recognition of cynocephala.
Electrophoretic evidence presented herein indicates that there is an apparent allelic difference that effectively separates T. b. mexicana from T. b. cynocephala and the Antillean populations. The three occurrences of the mexicana (100) esterase-2 allele in specimens of cynocephala sampled may or may not represent ge¬ netic introgression from populations of mexicana. h is important also to note that the cynocephala (80) allele was not found either in our mexicana samples (Table 1) , or in those of Svoboda et al. (1985) , which included 164 specimens of T. b. mexicana (our 80 allele is slower than any of the three esterase-2 alleles reported in their paper). Several lines of evidence appear to point to the specific status of cynocephala, perhaps with the inclusion of the Antillean popula¬ tions: 1) the evidence detailed by Garter (1962) , including the 8 OCCASIONAL PAPERS MUSEUM TEXAS TECH UNIVERSITY Varona, 1974; Baker and Genoways, 1978; Jones, 1990 ) from those nearest on the South American mainland (western Venezuela Koopman, 1982) ; and 3) the populational differences in the esterase-2 protein locus, presented herein. Based on this evidence, we think it likely that T. b. cynocephala and the Antillean populations are isolated reproductively from other taxa of T. brasiliensis. Additionally, we note the work of previous authors (particularly Shamel, 1931) who pointed out that considerable external and morphometric differences serve to distinguish T. b. cynocephala from Antillean populations. Notwithstanding these conclusions, we do not believe that sufficient evidence is yet available concerning the species limits of cynocephala with respect to either the adjacent mainland or insular populations. Resolution of this issue is critical not only to our understanding of the evolution and biogeography of the T. brasiliensis group, but also to the nomenclature. Assuming that cynocephala is specifically distinct from mexicana, then the name brasiliensis probably would not be applicable to the cynocephala bats. If these prove also to be specifically distinct from Antillean bats, then the name cynocephala Le Conte, 1831, is certainly applicable at the specific level. If, on the other hand, cynocephala populations are conspecific with those of the Greater Antilles, the name murina Gray, 1827, would have priority.
An alternate possibility to consider is that bats referred to cynocephala are specifically distinct from adjacent mexicana populations but not from those west coast populations of mexicana that are nonmigratory. These, and all nonmigratory populations in western North America, Central America, and South America might be conspecific, in which case the specific name brasiliensis would apply to the cynocephala bats but not to migratory populations of mexicana. Because of these diverse and unresolved issues concerning the affinities of cynocephala, in the interest of nomenclatorial stability we follow current taxonomic opinion (Wilkins, 1989 ) until clearer evidence is available. The relevant synonomy and other taxonomic and biological information concerning Tadarida brasiliensis cynocephala are presented here. Schwartz, 1955, J. Mamm., 36:106-109. Type Locality.-Probably the Le Conte plantation, near Riceboro, Liberty Co., Georgia. No type was designated but what appears to be an original specimen (USNM 4742) collected by J. E. Le Conte is deposited in the United States National Museum of Natural History (Poole and Schantz, 1942) .
Geographic Distribution.-From Harnett County, North Carolina (Lee and Marsh, 1978) , south along the Atlantic coast through Florida at least as far south as Miami, west through Georgia, Alabama, Mississippi, and Louisiana to eastern Texas (Spenrath and LaVal, 1974) , and north and west as far as Conway and Hot Springs, Arkansas (Saugey et al., 1988) . Additional isolated records have been reported from Ohio (Smith and Goodpaster, 1960; Mills, 1971) and Kentucky (Barbour and Davis, 1974) .
Diagnosis. -T. b. cynocephala is similar in size and perhaps in habits to T. b. brasiliensis (perhaps only in part), but it averages larger than T. b. mexicana and T. b. muscula in many variates (Shamel, 1931) . Series of specimens can be determined on the basis of skull length and zygomatic breadth (Tables 2 and 3; see  also Tables 4, 6 , 10, and 11). It is a sedentary, colonial species that utilizes buildings and hollow trees as diurnal roosts, and may be inactive at times, or even hibernate, during the winter.
Variation. -Sexual dimorphism occurs with respect to the cranial variates analyzed. The skulls of males average larger than those of females and the differences between the means are significant (Tables 4 and 6 ). The forearm and fifth metacarpal evidently are not sexually dimorphic elements (Tables 7 and 8 ).
Individual variation is low for all variates tested. The length of the fifth metacarpal is the most variable, but it is still less variable than is normal for linear dimensions of anatomical elements of mammals (Simpson et al., 1961:91) .
A large sample of males taken at Pineland, Texas, in April 1961 contains two age classes of adults. The younger males (class 0) average smaller in skull length than the older individuals (class I), and the means are significantly different (Table 5 ). Such a difference between age classes of females from Pineland is not demonstrated. Because most samples (representing localities) were not large enough to allow a segregation of age classes, the effect of locality may be confounded with an effect of age class.
Locality has no significant effect on differences between sample means of skull length and zygomatic breadth (Tables 4 and 6 ), although for both characters males show a nearly significant effect. For length of the forearm and the fifth metacarpal, locality has a significant effect (Tables 7 and 8 ). Neither the array for mean lengths of the forearm nor that for means of the fifth metacarpal is correlated with the geographic position of localities. Further, the two arrays do not correspond closely to each other with regard to locality. The locality effect does not seem to constitute a geographic cline; rather, the observed geographic variation seems to be only of a random nature.
Biogeography and Evolutionary History. -T. b. cynocephala occasion¬ ally is found roosting in hollow trees (Carter, 1962) , and it is likely that this species was strictly tree-dwelling before build¬ ings became available. The shift from trees to man-made structures as roosting sites obviously was not a difficult transition, because the bats now are found most commonly in buildings. The northern distribution of the species probably is limited by unfavorable winter conditions. Inasmuch as T. b. cynocephala overwinters in unheated buildings or in hollow trees, neither of which would be well protected against severely cold weather over a prolonged period of time, the subspecies probably is restricted to the southeastern United States where winters are relatively mild and where subfreezing conditions seldom last for more than a few days. The occurrence of populations as far north as North Carolina and Arkansas and as far west as eastern Texas may represent a post-Pleistocene expansion of the late Pleistocene distribution.
The western limit of this bat's geographic distribution generally conforms with the western limit of the pine-hardwood forest region of the southeastern United States. It is in this region that a seasonal overlap may occur between T. b. cynocephala and T. b. mexicana (Carter, 1962; Spenrath and LaVal, 1974; Glass, 1982) . Although we cannot completely exclude the possibility of gene flow between cynocephala and mexicana, we emphasize that at most it appears to be minimal and unidirectional. Of the 40 specimens of cynocephala that we examined electrophoretically, the 100 allele was found three times, each time as a heterozygote.
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Of the 19 mexicana that we examined and the 164 specimens examined by Svoboda et al. (1985) , none possesed the 80 allele. Carter (1962) and Spenrath and LaVal (1974) pointed out that the populations most critical to evaluating the possibility of gene flow between these two taxa are those found in, and southeast of, Brazos County, Texas. Certainly, intensive collecting and analysis of specimens from eastern Texas and western Louisiana will be needed to resolve this question.
Regardless of that outcome, the problem remains concerning the relationship of cynocephala to the various populations in the Greater and Lesser Antilles. Each of the three island populations we sampled (from Cuba, Jamaica, and Dominica) shared the 80 allele with cynocephala, and in fact those from Cuba and Dominica appear to be monomorphic for that allele. Whether these populations are conspecific with cynocephala must be ascertained based on other evidence, but the important point is that the 80 allele appears to be a synapomorphy uniting cynocephala and the Antillean bats. The question of the origin of these bats is probably quite germane to the more general questions of Antillean zoogeography. Generally it is assumed that three possible invasion routes have been available for volant animals to colonize the Antilles: 1) from North America, through Florida; 2) from Central America, through the Yucatan Peninsula; and 3) from South America, through Trinidad. Although T. brasiliensis does not currently occupy the Yucatan Peninsula or Venezuela except in the far west, it is possible that it did occur in those areas at times when colonization took place. Clearly, the presence of the 80 allele in populations from Mexico south of the Isthmus of Tehuantepec, from Central America, or from northern South America, would provide insight into the zoogeographic history of these bats.
If in fact cynocephala is found to have originated from Antillean populations, the area of contact in eastern Texas would be a zone of secondary contact, and, therefore, would be especially important to evaluate. If genetic introgression is occuring there, and is in fact unidirectional, this provides an excellent natural situation in which to evaluate genetic mechanisms involved in speciation events (Baker et al., 1989) . If no gene flow is found to occur in the area of sympatry or parapatry, pre-and postmating isolating mechanisms may be evaluated in these populations.
